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Abstract 



00 , We study the European river Danube and the South American river Negro daily 



water levels. We present a fit for the Negro daily water level period and standard 



P^ \ deviation. Unexpectedly, we discover that the river Negro and Danube are mirror 

00 

^—^ \ rivers in the sense that the daily water levels fluctuations histograms are close to 



the BHP and reversed BHP, respectively. 
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1 Introduction 

Janosi and Gallas [7] analyzed statistics of tlie Alpine river Danube daily water 
level collected, over the period 1901-97, at Nagymaros, Hungary. The authors 
found, in the one day logarithmic rate of change of the river water level, sim- 
ilar characteristics to those of company growth (see Stanley et al. [8]) which 
shows that the properties seen in company data are present in a wider class of 
complex systems. Bramwell et al. [3] defined a daily water level mean and vari- 
ance and computed the daily river water level fluctuations. They have shown 
a data collapse of the Danube daily water level fluctuations histogram to the 
(reversed) Bramwell-Holdsworth-Pinton (BHP) probability density function 
(pdf). Dahlstedt and Jensen [6] described the statistical properties of several 
river systems. They did a careful study of the size of basin areas influence in 
the data collapse of the rivers water level and runoff, in particular of river 
Negro at Manaus, to the reversed BHP and to the Gaussian pdf showing that 
not all rivers have the same statistical behavior. In this paper, we study, again, 
the South American river Negro daily water level at Manaus (104 years). We 
compute and present a cyclic flt for the Negro daily water level period and the 
Negro daily water level standard deviation. We show that the histogram of 
the Danube water level fluctuations is on top of the reversed BHP pdf, which 
does not happen for the Negro daily water level. 



2 BHP and the Danube and Negro data 



We deflne the Danube daily water level period l^(t) by 



W = ;^E^(^ + 365j), (1) 

where T = 87 is the number of observed years and Xt is the Danube daily 
water level time series] ^ I 

In Figure 1, we show a fit to the Danube daily water level period l^{t). The 
mean period fit, using the first harmonic of the Fourier series, is given by 

l^{t) = 443.06 - 53.3409 sin i—j + 37.4623 cos i—j . (2) 

The percentage of variance explained by the fit is R^ = 99.8%. 

We define the Negro daily water level period h^(t) by 



^T-l 



^mW = 7^E^(^ + 365j), (3) 

where T = 104 is the number of observed years and Y^ is the Negro daily water 



level time series. 







In Figure 2, we show a fit nn{t) of the Negro daily water level period hn{t). 
The mean period fit, using the first four sub-harmonics of the Fourier series, 
is given by 



~ / \ '^0 x^ f2tn'K\ . f2tmi\ 

Mt) = - + X:a„cos(^^+6„sm(^^ • (4) 

where a„ and 6„ are given in table 1. The percentage of variance explained by 
the fit is i?2 = 99.9%. 



^ All the observations of the days 29 of February were eliminated. 
^ All the observations of the days 29 of February were eliminated. 



We define the Danube daily water level standard deviation l^{t) by 



M0^^?3S^|i^-wf . (5) 



In Figure 3, we show the chronogram of the Danube daily water level standard 
deviation. 

We define the Negro daily water level standard deviation n„{t) given by 



/EJ=o>^(^ + 365j7 . 2 



h.{t) = \j -^='' -^ '-^-h,{tY . (6) 



In Figure 4, we show a fit of the Negro daily water level standard deviation. 
The fit hfj, using the first ten sub-harmonics of the Fourier series, is given by 



~ f.^ «o 4^ f2tn'K\ , . f2tmi\ _, 

where a„ and 6„ are given in table 2. The percentage of variance explained by 
the fit is i?2 = 88.6%. 



Following Bramwell et. al [3], we define the Danube daily water level fluctua- 
tions lf{t) by 

i,W^"".-^" . (8) 

Ut) 

In Figure 5, we show the Danube daily water level fluctuations lf{t). As shown 
by Bramwell et al. [3] , the (reversed) BHP pdf falls on top of the histogram 
of the Danube daily water level fluctuations, in the semi-log scale (see Figure 
6). 



We define the Negro daily water level fluctuations nf{t) by 

In Figure 7, we show the Negro daily water level fluctuations nf{t). In Figure 

8, we show the histogram of the Negro daily water level fluctuations. In Figure 

9, we show the data collapse of the histogram in the semi-log scale to the BHP 
pdf. 



3 Conclusions 

We computed and presented a cyclic fit for the Negro daily water level period 
and for the Negro daily water level standard deviation using the first four and 
ten sub-harmonics, respectively. We computed the histogram of the Negro 
daily water level fiuctuations at Manaus, and we compared it with the BHP 
pdf. The histogram of the Negro daily water level fiuctuations is close to 
the BHP pdf. We have shown that the histogram of the Danube water level 
fiuctuations is on top of the reversed BHP pdf, which does not happen for the 
river Negro daily water level fiuctuations. 
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Fig. 1. Chronograph of the Danube daily water level period l^{t)^ in a semi-log plot. 
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Fig. 2. Chronogram of the Negro daily water level period ri^(t) and fit n^(t). 
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Fig. 3. Chronogram of the Danube daily water level standard deviation lait) 
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Fig. 4. Chronogram of the Negro daily water level standard deviation ^^(t) and fit 
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Fig. 5. Chronogram of the Danube daily water level fluctuations lf{t). 
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Fig. 6. Data collapse of the histogram of the Danube water level fluctuations to the 
BHP pdf, in the semi-log scale. 
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Fig. 7. Chronogram of the Negro daily water level fluctuations n j (t) . 




Fig. 8. Histogram of the Negro daily water level fluctuations with the BHP on top. 
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Fig. 9. Histogram of the Negro daily water level fluctuations for the full year, in the 
semi-log scale, with the BHP on top. 



Table 1 

Fourier Coefficients for the Negro daily water level period n^(t). 



n 


an 


bn 





4671.2 


- 


1 


-386.92 


195.28 


2 


73.672 


74.577 


3 


29.0336 


-12.473 


4 


-9.9726 


-13.724 
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Table 2 

Fourier Coefficients for the Negro daily water level standard deviation h„{t). 



n 


On 


bn 





304.1 


- 


1 


-8.505 


33.983 


2 


-28.086 


1.1481 


3 


-2.6941 


-8.1938 


4 


6.5597 


-1.9674 


5 


-3.6529 


1.6374 


6 


2.1779 


1.2313 


7 


-0.2847 


-1.2559 


8 


-0.5713 


-0.6129 


9 


1.7276 


0.54441 


10 


-1.0358 


0.64293 
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